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To analyse the effect of exercise-based rehabilitation programs for improving lower limb muscle strength
in individuals with hip or knee osteoarthritis (OA). A systematic search utilizing seven databases iden-
tiﬁed randomized controlled trials (RCTs) evaluating lower limb strength outcomes of exercise-based
interventions for participants with hip or knee OA. All studies were screened for eligibility and meth-
odological quality. Quality of evidence was assessed using Grading of Recommendation, Assessment,
Development and Evaluation (GRADE) approach. Data were pooled and meta-analyses performed where
appropriate.
Forty RCTs were included and the majority (77%) involved resistance based exercise programs. For
knee OA populations, there was high quality evidence for improved knee extension (standardized mean
difference (SMD) ¼ 0.47, 95% conﬁdence intervals (CI) 0.29, 0.66) and ﬂexion strength (SMD ¼ 0.74, 95%
CI 0.56, 0.92) with low-intensity resistance program when compared to a control at short term (ST)
follow-up. There was moderate quality evidence for a large effect favouring high-intensity resistance
programs (SMD ¼ 0.76, 95% CI 0.47, 1.06) when compared to a control. This effect was sustained at in-
termediate term (IT) follow-up (SMD ¼ 0.80, 95% CI 0.44, 1.17). Few studies reported on outcomes at long
term (LT) follow-up. Only one study reported on a population with hip OA. When compared to a control
group, high-intensity resistance exercise demonstrated moderate quality of evidence for large and
sustained improvements for knee muscle strength in knee OA patients. Further work is needed to
compare different modes of exercise at a LT follow-up for knee OA patients and to address the dearth of
literature evaluating exercise interventions in people with hip OA.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Musculoskeletal conditions like osteoarthritis (OA) are likely to
pose an increasing economic burden1 with an ageing population,
increased prevalence of sedentary lifestyle and an increase in life
expectancy. In consideration, the prevention and management of
OA is a high priority across the world2,3. While the pathogenesis of
the disease is not entirely understood, it has been suggested that
atrophy or weakness of the periarticular muscles is implicated inA. Zacharias, Department of
School, La Trobe University,
.
acharias), Rod.Green@latrobe.
emciw), M.Kingsley@latrobe.
izzari).
ternational. Published by Elsevier Lthe development, progression and severity of OA4e6. Atrophy of the
muscles surrounding a joint affected by OA is common7 and may
result in impaired protective reﬂexes, excessive joint movement,
joint instability and increased peak joint forces. Consequently, the
risk of microtrauma to the articular cartilage increases and the
pathobiomechanical cascade of OA evolves5,6. Such muscle weak-
ness, characterised by a reduction in muscle force or motor unit
activation8, could lead to changes in gait and decreased perfor-
mance in everyday functional activities9.
Effective clinical management of hip and knee OA should
therefore address the issue of muscle weakness8. Exercise man-
agement is considered to be an efﬁcacious, safe and low cost
treatment available to all in the community10. Exercise programs of
sufﬁcient intensity are described to be an effective strategy for
improving muscle strength and endurance in healthy adults11.td. All rights reserved.
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OA12 may impede their ability to complete higher intensity
programs efﬁciently. Current literature evaluating rehabilitation
programs for people with hip or knee OA report predominantly
on outcomes related to pain and function13 and these outcomes
have also been assessed in recent reviews14,15. However when
comparing rehabilitation programs, there is little evidence for
outcomes that are related to changes in muscle strength, which can
be deﬁned as the ability of muscle to exert force16, or indicators of
muscle strength (e.g., muscle size). A single systematic review
involving meta-analysis17 that compared various rehabilitation
programs in a population with knee and/or hip OA identiﬁed im-
provements in knee extension strength in favour of resistance ex-
ercise when compared to alternative interventions. However, the
combination of the ‘alternate intervention’ group with control
group data potentially dilutes the inﬂuence of the alternative
intervention and inﬂates the effect size of the resistance programs.
Therefore the aim of this review was to evaluate the effect of
current rehabilitation programs for improving muscle strength in
people with hip or knee OA.Methods
Search strategy and identiﬁcation of studies
Seven databases (MEDLINE, CINAHL, SPORTDiscus, Embase,
AUSPORT, COCHRANE and PEDro) were searched systematically
from the earliest date available until February 2013. A keyword
search was conducted using three main concepts: population,
intervention and body region which were combined using the
‘AND’ Boolean operator. The keywords within the population type
included OA and arthritis. Intervention type included rehabilita-
tion, physical therapy, physiotherapy and exercise and the body
regions included were the hip and knee. Synonyms within each
concept were combined using the ‘OR’ operator. The search yield
was imported into Endnote X6.0.1 (Thomson Reuters, USA) for
evaluation.
Titles and abstracts were ﬁrst screened independently by two
reviewers (AZ: all papers, RG: A e K, TP: L e Z) using inclusion and
exclusion criteria. The full text of remaining articles were then
obtained and also screened independently by two reviewers using
the same inclusion and exclusion criteria. Differences in opinion
between reviewers were discussed until consensus was reached.
Citation tracking using Google Scholar and reference checking of
the included articles was also performed independently by two
reviewers.Table I
Basis of comparisons for meta-analysisStudy selection criteria
Population
The included studies were restricted to human studies involving
patients with OA of the hip or knee with no surgical intervention.
Other forms of arthritis (e.g., rheumatoid arthritis) were excluded
since they may affect strength outcomes due to changes in vascu-
lature and ﬁbre type18,19.Population Follow-up time Comparison groups Muscle groups
Hip OA
Knee OA
ST: 6e13 weeks
IT: 1424 weeks
LT: >24 weeks
Exercise
Standard rehabilitation
No intervention
Knee ﬂexors
Knee extensors
Hip abductors
Hip adductors
Hip rotators
Combined hip
Combined lower limbIntervention
The rehabilitation programs were required to be exercise based
using voluntary contractions with a minimum duration of 6
weeks20. Studies involving neuromuscular stimulation or inter-
vention aimed at improving joint ﬂexibility (e.g., stretching) were
excluded.Comparison
All comparisons that included a control group undertaking
usual care or an alternate program with or without exercise (e.g.,
dietary) were included. All comparison exercise programs were
included if they differed from the intervention program.
Outcomes
Outcomes that were direct measures of muscle strength or in-
dicators of muscle strength (e.g., cross sectional area (CSA) or
muscle volume21) involving the muscles acting on the hip or knee
were included if recorded before and after intervention.
Research design
Study types included were randomized controlled trials (RCTs)
that reported on strength data published in peer reviewed journals.
Only papers in the English language were eligible.
Data extraction
Data extraction was completed using a standardised spread
sheet by one author (AZ) and veriﬁed bya second author (RG). Study
data including population characteristic, descriptions of interven-
tion programs, duration of the intervention programs, point of
follow-up, and outcomemeasures were extracted. The relevant raw
data from each included study were extracted where possible and
entered directly into Review Manager Version 5.2 (RevMan) by one
author (AZ) and checked by two second authors (RG, TP). Datawere
obtained by contacting the authors if not available.
Quality analysis
The methodological quality of included RCT studies was deter-
mined using the Physiotherapy Evidence Database (PEDro) scale22.
The scale has a total of 11 questions and is considered to have “fair”
to “good” reliability with an intraclass correlation coefﬁcient (ICC)
for the consensus rating of the total score of 0.6823. Previous
literature24 has validated the use of the ﬁnal score after summation
of the individual scale items on the PEDro scale. Quality assess-
ments were independently evaluated by two examiners (AZ: all
papers, RG: Ae K, TP: Le Z) and ﬁnalized by reference to the PEDro
databasewhere possible or by consensus. No studies were excluded
on the basis of quality assessment.
The GRADE approach was used to evaluate the quality of the
body of evidence for outcomes that were included in a meta-
analysis. This method grades the quality of the outcomes mea-
sures of interest as high, moderate, low or very low25 using ﬁve
domains: risk of bias, inconsistency, indirectness, imprecision and
publication bias25,26.
Data synthesis
In order to answer questions regarding the effectiveness of
different types of exercise programs, studies were grouped based
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(Table I). To reduce clinical heterogeneity, interventions were
classiﬁed as aerobic, water based (hydrotherapy), low-intensity
resistance, high-intensity resistance and multimodal exercise pro-
grams according to descriptions in Appendix I, where the threshold
for high-intensity resistance training was based on previous
criteria11,16. In studies where there was more than one similar ex-
ercise based intervention group, the group that demonstrated
greater clinical homogeneity with other included studies was
included in themeta-analysis. Intervention groups were excluded if
there was insufﬁcient data to categorise the exercise program. This
process was conducted independently by all authors and ﬁnalized
by consensus.
A SMD with 95% CI was used to calculate the effect size
separately for each outcome (e.g., strength, CSA) using standard
Cochrane guidelines where sufﬁcient data were available (29
studies). Effect sizes could not be calculated where data was
reported as medians (interquartile range) and least squares mean
change. Effect size thresholds of 0.2, 0.5 and 0.8 were considered
small, medium and large respectively27. Where study method-
ologies were considered adequately homogeneous and appro-
priate data were reported, a meta-analysis was performed using
RevMan and a random effects model was used to minimize the
effects of statistical heterogeneity28. The I2 statistic was used for
assessing heterogeneity29 where a value of 0% was interpreted as
indicating no observed heterogeneity. Values of 25%, 50% and
75% indicated low, moderate and high levels of heterogeneity
and a value of 100% was considered to be a completely hetero-
geneous sample29. When no numerical data were supplied, they
were estimated from graphs30. Where insufﬁcient data were
provided for an effect size calculation these data were requested
from the original author and were described qualitatively if not
provided.
Results
Yield
A total of 11,240 studies were identiﬁed through database
searching and 6533 studies remained after the removal of dupli-
cates (Fig. 1). Fifty two of the 92 full text articles obtained were
excluded as outlined in Fig. 1 and the reasons for exclusion can be
found in Appendix II. The ﬁnal library included 40 RCTs31e70
(Table II).
The majority of included RCTs reported on a knee OA population
(35 articles). Only one article reported on a hip OA population and
four articles reported on a population with a combination of hip
and knee OA. Strength outcomes weremost commonly reported for
the knee ﬂexors and extensors (38 articles). Other strength out-
comes were reported for the hip muscles, CSA of quadriceps,
combined lower limb strength and combined knee ﬂexor and
extensor strength. The studies reported on interventions that were
low-intensity resistance exercise (25 studies), high-intensity
resistance exercises (15 studies), multimodal exercises (seven
studies), hydrotherapy (four studies) and aerobic exercise (one
study). Most studies involved intervention durations that ranged
from 6 to 12 weeks and only three studies reported on intervention
durations that were more than 12 weeks. The follow-up periods
reported varied from short term (ST: 6e13 weeks) to long term (LT:
>24 weeks).
The average methodological quality score of the RCT studies
was 6.1 with scores ranging from 3 to 8 out of a possible 10
(Table III). Of the included studies, 21 (52.5%) did not conceal
allocation, 19 (47.5%) did not report blinding of the assessor, 19
(47.5%) did not conduct an intention to treat analysis and 14 (35%)had high drop-out rates. Items 5 and 6 relating to effective
blinding of subject and therapist received no score in almost all of
the included articles.
The quality of the body of evidence could be analysed for 11
outcome measures using the GRADE approach. The average quality
ranged from very low to high (Appendix III, IV, V, VI) with ﬁve
demonstrating moderate levels of quality, two demonstrating high
levels of quality, two demonstrating low levels of quality and two
showing very low quality of evidence.
Results of meta-analysis
Of the included studies, 11 had insufﬁcient data to be included
in a meta-analysis or allow the calculation of effect
sizes38,39,46e49,53,54,59,62,66
1. Outcomes for knee OA population
a. Low-intensity resistance vs control
The meta-analysis for knee extension strength at ST
follow-up demonstrated high quality of evidence for a small
effect favouring low-intensity exercise (10 studies, 768 par-
ticipants, Fig. 2), size but moderate quality of evidence for no
signiﬁcant effect sizes at intermediate follow-up (three
studies, 261 participants, Fig. 2). Meta-analysis for knee
extension strength at LT follow-up demonstrated very low
quality of evidence for no signiﬁcant effect (two studies, 191
participants, Fig. 2). Meta-analysis for knee ﬂexion strength
showed high quality of evidence for medium effect favouring
exercise at ST follow-up (seven studies, 529 participants,
Fig. 2). Two ST follow-up studies where effect sizes could not
be calculated54,62, also reported a beneﬁt in knee muscle
strength outcomes in favour of the low-intensity resistance
group. A single study where effect sizes could be calculated,
showed a large effect size at LT follow-up for knee ﬂexor
strength70 (Table II).
There were insufﬁcient studies for a meta-analysis for hip
muscle strength. A single study33 (Table II) reported small
effect sizes at ST follow-up only for hip ﬂexion and internal
rotation but not for hip abduction, adduction, extension,
external rotation and knee extension. A single study re-
ported large effect sizes for combined lower limb strength
for ST follow-up64 (Table II).
b. High-intensity resistance vs control
Meta-analysis for knee extension strength identiﬁed
moderate quality of evidence for a medium effect at ST (four
studies, 195 participants, Fig. 3) and low quality of evidence
for a large effect at intermediate term (IT) (three studies, 129
participants, Fig. 3) in favour of the high-intensity resistance
program. Meta-analysis for knee ﬂexion strength showed
moderate quality of evidence for a large effect at ST (four
studies, 195 participants, Fig. 3) and low quality of evidence
for a large effect at IT follow-up (two studies, 92 participants,
Fig. 3). The four ST follow-up studies where effect sizes could
not be calculated46e48,59, reported a beneﬁt in knee muscle
strength (extension and ﬂexion) outcomes in favour of the
high-intensity resistance group.
A single study reported large effect sizes for hip abduction
and adduction40 at IT follow-up (Table II). Single studies also
reported a large effect size for combined lower limb strength
at IT40 and ST64 follow-up (Table II). A single study reported
no beneﬁts for CSA for knee extensors or ﬂexors at ST follow-
up44 (Table II).
c. Other forms of exercise vs control
Meta-analysis of knee extension strength comparing a
multimodal exercise programwith a control showed very low
Fig. 1. Flowchart indicating process of search study selection.
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(two studies, 140 participants, Fig. 4). For the four single
studies that reported on knee strength outcomes where effect
sizes could not be calculated, two reported beneﬁts favouring
either a multimodal49 or an aerobic group38 while two re-
ported no beneﬁts favouring a multimodal66 or a hydrother-
apy group53 when compared to a control.d. Comparison between two exercise groups
Of the 10 studies that compared two exercise programs,
three compared high-intensity resistance programs44,47,58,
two compared low-intensity resistance programs35,52, and
two compared a high vs low-intensity resistance program57,64.
Single studies compared aerobic vs low-intensity resistance38,
hydrotherapy vs low-intensity resistance53 andmultimodal vs
Table II
Characteristics of included RCTs
Study Participants Intervention duration Follow-up data Comparison groups study
classiﬁcation (current review
classiﬁcation)
Outcome measure of interest Effect size SMD (95% CI)*
signiﬁcant effect size
An (2008)31 Knee OA
Total number: 28(28F, 0M)
Mean age: 65
8 weeks 8 weeks (ST) Group 1: Baduanjin group (low-
intensity resistance)
Isometric strength: knee
extension
(Positive e favours low-
intensity resistance)
Knee extension: 0.21 (0.65,
1.07)
Group 2: No intervention
(control)
Baker (2001)32 Knee OA
Total number: 46(36F, 10M)
Mean age: 68
16 weeks 16 weeks (IT) Group 1: Exercise (low-
intensity resistance)
Isometric strength: knee ﬂexion
and extension
(Positive e favours low-
intensity resistance)
Knee ﬂexion: 0.90 (0.20, 1.60)*
Knee extension: 0.37 (0.27,
1.01)
Group 2: Nutrition education
(control)
Bennell (2005a)34 Knee OA
Total number: 140(94F, 46M)
Mean age: 68
12 weeks 12 weeks (ST) and 24 weeks (IT) Group 1: Physiotherapy (low-
intensity resistance)
Isometric strength: knee
extension
(Positive e favours low-
intensity resistance)
Knee extension: 0.06 (0.27,
0.40)
Group 2: Placebo (control)
Bennell (2010)33 Knee OA
Total number: 89(43F, 46M)
Mean age: 64
12 weeks 13 weeks (ST) Group 1: Exercise (low-
intensity resistance)
Isometric strength: hip
abduction, adduction, ﬂexion,
extension, internal and external
rotation and knee extension
(Positive e favours low-
intensity resistance)
Hip abduction: 0.33 (0.12,
0.78)
Hip adduction: 0.33 (0.12,
0.78)
Hip ﬂexion: 0.49 (0.04, 0.95)*
Hip extension: 0.30 (0.15,
0.76)
Hip internal rotation: 0.49
(0.04, 0.95)*
Hip external rotation: 0.00
(0.45, 0.45)
Knee extension: 0.44 (0.02,
0.89)
Group 2: No intervention
(control)
Bruce-Brand (2012)35 Knee OA
Total number: 26(11F, 15M)
Mean age: 64
6 weeks 8 (ST) and 14 weeks (IT) Group 1: Resistance training
(low-intensity resistance)
Isometric strength: knee
extension
CSA: knee extensor
(Positive e favours low-
intensity resistance)
Knee extension (ST): 0.51
(1.54, 0.52)
Knee extension (IT): 0.31
(1.33, 0.71)
CSA quadriceps (ST): 0.32
(0.56, 1.21)
Group 2: Neuromuscular
electrical stimulation*
Group 3: Standard care (low-
intensity resistance)
Da-Hon (2007)37 Knee OA
Total number: 81(62F, 19M)
Mean age: 62
8 weeks 8 weeks (ST) Group 1: CKCE e closed kinetic
chain exercise (low-intensity
resistance)
Isokinetic strength: knee
extension and ﬂexion
(Positive e favours low-
intensity resistance)
Knee ﬂexion: 0.92 (0.51, 1.32)*
Knee extension: 0.51 (0.12,
0.90)*
Group 2: CPFE e computerised
proprioception facilitation
exercise*
Group 3: No intervention
(control)
Da-Hon (2009)36 Knee OA
Total number: 108(75F, 33M)
Mean age: 63
8 weeks 8 weeks (ST) Group 1: Strength training of
the quadriceps (low-intensity
resistance)
Isokinetic strength: knee
extension and ﬂexion
(Positive e low-intensity
resistance)
Knee ﬂexion: 0.74 (0.26, 1.22)*
Knee extension: 1.04 (0.55,
1.54)*
Group 2: Proprioceptive
training*
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Group 3: No intervention
(control)
Ettinger (1997)38 Knee OA
Total number: 439(308F, 131M)
Mean age: 69
12 weeks 12 (ST), 36 (IT) and 72 (LT)
weeks
Group 1: Aerobic exercise
training (aerobic)
Isometric strength: knee
extension and ﬂexion
Not estimabley
Group 2: Resistance exercise
training (low intensity
resistance)
Group 3: Health education
(control)
Foley (2003)39 Hip/knee OA or both
Total number: 105(52F, 53M)
Mean age: 71
6 weeks 6 weeks (ST) Group 1: Hydrotherapy
exercise (hydrotherapy)
Isometric strength: knee
extension
Not estimabley
Group 2: Gym based exercise
(high-intensity resistance)
Group 3: No intervention
(control)
Foroughi (2011a)40 Knee OA
Total number: 54(54F, 0M)
Mean age: 65.5
24 weeks 24 weeks (IT) Group 1: Progressive resistance
exercise (high-intensity
resistance)
Isometric strength: knee
extension, knee ﬂexion,
combined lower limb, hip
abduction and adduction
(Positive e favours high-
intensity resistance)
Knee ﬂexion: 0.62 (0.02, 1.23)*
Knee extension: 0.79 (0.18,
1.40)*
Combined lower limb: 0.78
(0.16, 1.39)*
Hip abduction: 0.81 (0.19, 1.42)*
Hip adduction: 0.96 (0.34, 1.59)*
Group 2: Sham exercise
(control)
Foroughi (2011b)41 Knee OA
Total number: 54(54F, 0M)
Mean age: 64
24 weeks 24 weeks (IT) Group 1: Progressive resistance
(high-intensity resistance)
Isometric strength: knee
extension
(Positive e favours high-
intensity resistance)
Knee extension: 0.58 (0.08,
1.24)
Group 2: Sham exercise
(control)
Fransen (2001)42 Knee OA
Total number: 126(29F, 97M)
Mean age: 66
8 weeks 8 weeks (ST) Group 1: Individual treatment
dependent on the physical
therapist (low-intensity
resistance)z
Isometric strength: Knee
extension and ﬂexion
(Positive e favours low-
intensity resistance)
Knee ﬂexion: 0.47 (0.10, 0.84)*
Knee extension: 0.48 (0.11,
0.85)*Group 2: Group format
program 1 h twice weekly and a
home based exercise program
(low-intensity resistance)z
Group 3: No intervention
(control)
Green (2003)43 Hip OA
Total number: 47(35F,12M)
Mean age: 67
6 weeks 12 weeks (ST) Group 1: Home
exercises þ hydrotherapy
(multimodal)
Isometric strength: hip
extension, abduction and
internal rotation
(Positive e favours
multimodal)
Hip extension: 4.15 (3.91,
12.21)
Hip abduction: 16.01 (2.63,
29.39)*
Hip internal rotation: 0.79
(3.20, 4.78)
Group 2: Home exercises only
(low-intensity resistance)
Gur (2002)44 Knee OA
Total number: 23(Gender not
reported)
Mean age: 56
8 weeks 8 weeks (ST) Group 1: Concentric exercises
(high-intensity resistance)y
Isometric strength: knee
extension and ﬂexion
CSA: knee extensor and ﬂexor
(Positive e favours concentric
exercises)
Concentric vs control
Knee ﬂexion: 1.06 (0.07, 2.18)
Knee extension: 0.72 (0.36,
1.80)
CSA knee ﬂexor: 0.18 [0.86,
1.21]
Group 2: Concentric and
eccentric exercises (high
intensity resistance)
Group 3: No intervention
(control)
(continued on next page)
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Table II (continued )
Study Participants Intervention duration Follow-up data Comparison groups study
classiﬁcation (current review
classiﬁcation)
Outcome measure of interest Effect size SMD (95% CI)*
signiﬁcant effect size
CSA knee extensor: 0.08 [0.95,
1.11]
(Positive e favours concentric
and eccentric exercises)
Concentric þ eccentric vs
control
Knee ﬂexion: 0.77 [0.34, 1.88]
Knee extension: 0.77 [0.34,
1.88]
CSA knee ﬂexor: 0.38 [0.69,
1.45]
CSA knee extensor: 0.29 [0.77,
1.36]
(Positive e favours concentric
exercises)
Concentric vs
concentric þ eccentric
Knee ﬂexion: 0.35 [0.69, 1.39]
Knee extension: 0.12 [0.84,
1.07]
CSA knee ﬂexor: 0.19 [1.15,
0.76]
CSA knee extensor: 0.24
[1.19, 0.72]
Hinman (2007)45 Hip or Knee OA
Total number: 71(48F,23M)
Mean age: 62
6 weeks 6 weeks (ST) Group 1: Aquatic therapy
(hydrotherapy)
Isometric strength: hip
abduction and knee extension
(Positive e favours
hydrotherapy)
Knee extension: 0.46 [0.01,
0.93]
Hip abduction: 2.40 [1.13,
5.93]
Group 2: No intervention
(control)
Huang (2003)47 Knee OA
Total number: 132(93F,39M)
Mean age: 62
8 weeks 8 weeks (ST) Group1: Isokinetic exercise
(high-intensity resistance)
Isokinetic strength: knee
extension and ﬂexion
Not estimabley
Group 2: Isotonic exercise
(high-intensity resistance)
Group 3: Isometric exercise
(insufﬁcient data to categorise)y
Group 4: No intervention
(control)
Huang (2005a)46 Knee OA
Total number: 120(96F, 24M)
Mean age: 62
8 weeks 8 fcweeks (ST) Group1: Isokinetic exercise
(high-intensity resistance)
Isokinetic strength: knee
extension and ﬂexion
Not estimabley
Group 2: Isokinetic
exercise þ continuous
ultrasound*
Group 3: Isokinetic
exercise þ pulsed ultrasound*
Group 4: No intervention
(control)
Huang (2005b)48 Knee OA
Total number: 140(113F,27M)
Mean age: 65
8 weeks 8 weeks (ST) Group 1: Isokinetic exercise
(high-intensity resistance)
Isometric strength: knee
extension and ﬂexion
Not estimabley
Group 2: Isokinetic
exercise þ pulse ultrasound*
Group 3: Isokinetic
exercise þ pulse
ultrasound þ intra-articular
hyaluronon therapy*
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Group 4: No intervention
(control)
Keefe (2004)49 Knee OA
Total number: 72(39F,33M)
Mean age: 60
12 weeks 12 weeks (ST) Group 1: Spouse-assisted pain
coping skills training (SA-CST)*
Isometric str : knee
extension
Not estimabley
Group 2: SA-CST plus exercise
training (SA-CST þ ET)*
Group 3: Exercise training
alone e ET (multimodal)
Group 4: Standard care
(control)
Krasilshchikov (2011)50 Knee OA
Total number: 16(16F,0M)
Mean age: 58
8 weeks 8 weeks (ST) Group 1: Intervention
(multimodal)
Isometric str : knee
extension
(Positive e favours
multimodal)
Knee extension: 1.92 (0.68,
3.16)*
Group 2: No intervention
(control)
Kuptniratsaikul (2002)51 Knee OA
Total number: 392(306F, 86M)
Mean age: 68
8 weeks 12 (ST), 24 (IT) and 48 (LT)
weeks
Group 1: Intervention
(insufﬁcient data to categorise)y
Isometric str : knee
extension
(Positive e favours
intervention)
Knee extension: 0.11 (0.09,
0.32)
Group 2: No intervention
(control)
Lim (2002)52 Knee OA
Total number: 32(26F, 6M)
Mean age: 60
6 weeks 6 weeks (ST) Group 1: Open kinetic chain
exercise (low intensity
resistance)
Isometric str : knee
extension
(Positive e favours open kinetic
chain exercise)
Knee extension: 0.65 (0.06,
1.36)Group 2: Closed kinetic chain
exercise (low intensity)
Lund (2008)53 Knee OA
Total number: 79(62F, 7M)
Mean age: 68
8 weeks 8 (ST) and 20 (IT) weeks Group 1: Aquatic exercise
(hydrotherapy)
Isometric str : knee
extension an ion
Not estimabley
Group 2: Land based exercise
(low-intensity resistance)
Group 3: No intervention
(control)
Maurer (1999)54 Knee OA
Total number: 113(47F, 66M)
Mean age: 65
8 weeks 12 weeks (ST) Group 1: Isokinetic exercise
(low-intensity resistance)
Isokinetic str : knee
extension
Not estimabley
Group 2: Educational
intervention (control)
McCarthy (2004)55 Knee OA
Total number: 214(103F, 111M)
Mean age: 65
8 weeks 8 (ST), 24 (IT) and 48 (LT) weeks Group 1: Home based exercise
(low-intensity resistance)
Isometric str : knee ﬂexion (Positive e favours low-
intensity resistance)
Knee ﬂexion (ST): 0.40 (0.14,
0.93)
Knee ﬂexion (IT): 0.17 (0.35,
0.68)
Knee ﬂexion (LT): 0.14 (0.47,
0.76)
Group 2: Home based
exercise þ class exercise
program (multimodal)
McKay (2012)56 Knee OA
Total number: 22(13F, 9M)
Mean age: 62
6 weeks 6 weeks (ST) Group 1: Intervention (low-
intensity resistance)
Isometric str : knee
extension
(Positive e favours low-
intensity resistance)
Knee extension: 0.06 (0.90,
1.03)
Group 2: Placebo (control)
Mei-Hwa (2008)57 Knee OA
Total number: 98(79F, 19M)
Mean age: 63
8 weeks 8 weeks (ST) Group 1: High resistance
exercise (high-intensity
resistance)
Isometric str : knee
extension an ion
(Positive e favours high-
intensity resistance)
High-intensity resistance vs
control
Knee ﬂexion: 0.74 (0.23, 1.25)*
(continued on next page)
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Table II (continued )
Study Participants Intervention duration Follow-up data Comparison groups study
classiﬁcation (current review
classiﬁcation)
Outcome measure of interest Effect size SMD (95% CI)*
signiﬁcant effect size
Knee extension: 0.69 (0.19,
1.20)*
(Positive e favours low-
intensity resistance)
Low-intensity resistance vs
control
Knee ﬂexion: 0.93 (0.41, 1.45)*
Knee extension: 0.59 (0.09,
1.10)*
(Positive e favours high-
intensity resistance)
High-intensity vs low-intensity
Knee ﬂexion: 0.22
(0.69,0.26)
Knee extension: 0.06 (0.42,
0.54)
Group 2: Low resistance
exercise (low-intensity
resistance)
Group 3: No intervention
(control)
Mei-Hwa (2009)58 Knee OA
Total number: 106(73F, 33M)
Mean age: 62
8 weeks 8 weeks (ST) Group 1: Non weight bearing
exercise (high intensity
resistance)
Isokinetic strength: knee
extension and ﬂexion
(Positive e favours non weight
bearing)
Non weight bearing vs control
Knee ﬂexion: 0.50 (0.02, 0.98)*
Knee extension: 0.60 (0.12,
1.08)*
(Positive e favours weight
bearing exercise)
Weight bearing vs control
Knee ﬂexion: 0.70 (0.22, 1.18)*
Knee extension: 0.39 (0.08,
0.86)
(Positive e favours non weight
bearing)
Non weight bearing vs weight
bearing exercise
Knee ﬂexion: 0.70 (0.22, 1.18)*
Knee extension: 0.22 (0.24,
0.69)
Group 2: Weight bearing
exercise (high-intensity
resistance)y
Group 3: No intervention
(control)
Mikesky (2006)59 Knee OA
Total number: 221(128F, 93M)
Mean age: 67
12 weeks 48 and 120 weeks (LT) Group 1: Strength training
exercises (high intensity
resistance)
Isometric strength: knee
extension and ﬂexion
Not estimable
Group 2: ROM exercises
(control)
Peloquin (1999)60 Knee OA
Total number: 124(87F, 37M)
Mean age: 66
12 weeks 12 weeks (ST) Group 1: Exercise group
(multimodal)
Isometric strength: knee
extension and ﬂexion strength
(Positive e favours
multimodal)
Knee ﬂexion: 0.40 (0.04, 0.75)*
Knee extension: 0.40 (0.04,
0.75)*
Group 2: 1 h education sessions
(control)
Quilty (2003)61 Knee OA
Total participants: 87(gender
not reported)
Mean age: 67
10 weeks 24 (IT) and 48 (LT) weeks Group 1: Treatment group
(low-intensity resistance)
Isometric strength: knee
extension
(Positive e favours low-
intensity)
Knee extension (IT): 0.09
(0.34, 0.52)
Knee extension (LT): 0.00
(0.44, 0.43)
Group 2: No intervention
(control)
Rogind (1998)62 Knee OA
Total number: 23(21F, 2M)
Mean age: 71
12 weeks 12 (ST) and 48 (LT) weeks Group 1: Intervention (low-
intensity resistance)
Isometric strength: knee
extension and ﬂexion
Not estimabley
Group 2: No intervention
(control)
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Salli (2010)63 Knee OA
Total number: 71(58F, 13M)
Mean age: 57
8 weeks 8 (ST) and 20 (IT) weeks Group 1: Concentric-eccentric
exercise (high-intensity
resistance)
Isokinetic strength: knee
extension and ﬂexion
(Positive e favours high-
intensity)
Concentric-eccentric vs control
Knee ﬂexion (ST): 1.53 (0.87,
2.19)*
Knee ﬂexion (IT): 1.37 (0.73,
2.01)*
Knee extension (ST): 1.14 (0.52,
1.76)*
Knee extension (IT): 1.01 (0.40,
1.63)*
(Positive e favours isometric)
Isometric vs control
Knee ﬂexion (ST): 1.21 (0.59,
1.82)*
Knee ﬂexion (IT): 1.10 (0.49,
1.71)*
Knee extension (ST): 0.70 (0.12,
1.29)*
Knee extension (IT): 0.66 (0.07,
1.24)*
(Positive e favours group 1)
Concentric-eccentric vs
isometric
Knee ﬂexion (ST): 0.28 [0.29,
0.86]
Knee ﬂexion (IT): 0.35 [0.22,
0.93]
Knee extension (ST): 0.29
[0.29, 0.86]
Knee extension (IT): 0.24
[0.34, 0.81]
Group 2: Isometric exercise
(insufﬁcient data to categorise)y
Group 3: No intervention
(control)
Sayers (2012)64 Knee OA
Total number: 33(25F, 8M)
Mean age: 67
12 weeks 12 weeks (ST) Group 1: Low speed strength
training (high intensity
resistance)
Isometric strength: combined
lower limb
(Positive e favours high-
intensity)
Low speed vs control
Combined lower limb: 2.13
(1.01, 3.24)*
(Positive e favours low-
intensity)
High speed vs control
Combined lower limb: 3.79
(2.33, 5.24)*
(Positive e favours high-
intensity)
Low speed vs high speed
Combined lower limb: 0.60
(1.46, 0.26)
Group 2: High speed power
training (low intensity
resistance)
Group 3: Stretching exercise
(control)
Schilke (1996)65 Knee OA
Total number: 20(17F, 3M)
Mean age: 66
8 weeks 8 weeks (ST) Group 1: Experimental group
(low-intensity resistance)
Isometric strength: knee
extension and ﬂexion
(Positive e favours low-
intensity)
Knee ﬂexion: 0.60 (0.30, 1.50)
Knee extension: 1.06 (0.11,
2.01)*
Group 2: No intervention
(control)
Sekir (2005)66 6 weeks 6 weeks (ST) Group 1: Training (multimodal) Isometric strength: knee
extension and ﬂexion
Not estimabley
(continued on next page)
A
.Zacharias
et
al./
O
steoarthritis
and
Cartilage
22
(2014)
1752
e
1773
1761
Table II (continued )
Study Participants Intervention duration Follow-up data Comparison groups study
classiﬁcation (current review
classiﬁcation)
Outcome measure of interest Effect size SMD (95% CI)*
signiﬁcant effect size
Knee OA
Total number: 22(16F, 6M)
Mean age: 60
Group 2: No intervention
(control)
Song (2003)67 Knee OA
Total number: 43(43F, 0M)
Mean age: 64
12 weeks 12 weeks (ST) Group 1: Tai-chi exercise (low-
intensity resistance)
Isometric strength: combined
knee extensor and ﬂexor
(Positive e favours low-
intensity)
Combined knee: 0.31 (0.29,
0.91)
Group 2: No intervention
(control)
Veenhof (2006)68 Hip and/or knee OA
Total number: 200(154F, 46M)
Mean age: 65
12 weeks 13 (ST) and 65 (LT) weeks Group 1: Behavioural graded
activity programeBGA
(multimodal)
Isometric strength: knee
extension, hip extension and
abduction
(Positive e favours
multimodal)
Knee extension (ST): 0.07
(0.22, 0.35)
Knee extension (LT): 0.02
(0.30, 0.33)
Group 2: Usual care (control)
Wang, T (2007)69 Hip and/or knee OA
Total number: 38(32F, 6M)
Mean age: 66
12 weeks 12 weeks (ST) Group 1: Aquatic programme
(hydrotherapy)
Isometric strength: knee
extension and ﬂexion, hip
extension, ﬂexion, abduction
and adduction
(Positive e favours
hydrotherapy)
Knee ﬂexion: 0.75 (0.09, 1.41)*
Knee extension: 0.73 (0.07,
1.39)*
Hip ﬂexion: 0.26 (0.38, 0.90)
Hip extension: 0.56 (0.09,
1.21)
Hip abduction: 0.59 (0.06,
1.24)
Hip adduction: 0.55 (0.10,
1.20)
Group 2: No intervention
(control)
Weng, M (2009)70 Knee OA
Total number: 132(106F, 26M)
Mean age: 64
8 weeks 8 (ST) and 48 (LT) weeks Group 1: Isokinetic exercises
(low-intensity resistance)
Isometric strength: knee
extension and ﬂexion
(Positive e favours low-
intensity)
Knee ﬂexion (ST): 0.79 (0.43,
1.16)*
Knee ﬂexion (LT): 1.22 (0.80,
1.63)*
Knee extension (ST): 0.42 (0.07,
0.77)*
Knee extension (LT): 2.11 (1.63,
2.58)*
Group 2: Bilateral static
stretching and isokinetic
exercises*
Group 3: Proprioceptive
neuromuscular facilitation
(PNF) stretching and isokinetic
exercise*
Group 4: No intervention
(control)
* Group has not been used in analysis.
y Data not used for meta-analysis.
z Data from both groups were analysed together.
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Table III
Quality assessment of RCTs using the PEDro scale
Study Items Total*
1 2 3 4 5 6 7 8 9 10 11
An et al.31 1 1 0 1 0 0 0 0 0 1 1 4
Baker et al.32 1 1 1 1 1 0 0 0 1 1 1 7
Bennell et al. (2005a)34 1 1 1 1 0 0 1 1 1 1 1 8
Bennell et al. (2010)33 1 1 1 1 0 0 1 1 1 1 1 8
Bruce-Brand et al.35 1 1 0 1 0 0 1 0 0 1 1 5
Da-Hon et al. (2007)37 1 1 0 1 0 0 0 1 0 1 0 4
Da-Hon et al. (2009)36 1 1 1 1 0 0 1 1 1 1 1 8
Ettinger et al.38 1 1 0 1 0 0 0 1 1 1 1 6
Foley et al.39 1 1 1 1 0 0 1 1 1 1 1 8
Foroughi et al. (2011a)40 1 1 0 1 1 0 0 0 0 1 1 5
Foroughi et al. (2011b)41 0 1 1 1 0 0 0 0 0 1 1 5
Fransen et al.42 1 1 1 1 0 0 0 1 1 1 1 7
Green et al.43 1 1 0 1 0 0 1 0 0 1 1 5
Gur et al.44 0 1 0 1 0 0 0 1 0 1 1 5
Hinman et al.45 1 1 1 1 0 0 1 1 1 1 1 8
Huang et al. (2003)47 1 1 1 1 0 0 0 1 0 1 1 6
Huang et al. (2005a)46 1 1 1 1 0 0 0 0 0 1 1 5
Huang et al. (2005b)48 0 1 1 1 1 0 1 1 0 1 1 7
Keefe et al.49 1 1 0 0 0 0 0 0 0 1 1 3
Krasilshchikov et al.50 1 1 0 0 0 0 1 1 1 1 1 6
Kuptniratsaikul et al.51 0 1 0 1 0 0 0 1 0 1 1 5
Lim et al.52 1 1 0 1 0 0 0 1 0 1 1 5
Lund et al.53 1 1 1 1 0 0 1 1 1 1 1 8
Maurer et al.54 1 1 0 1 0 0 1 1 0 1 1 6
McCarthy et al.55 1 1 1 1 0 0 1 0 1 1 1 7
McKay et al.56 1 1 1 1 0 0 0 0 1 1 1 6
Mei-Hwa et al. (2008)57 1 1 0 1 0 0 1 1 1 1 1 7
Mei-Hwa et al. (2009)58 1 1 0 1 0 0 1 1 1 1 1 7
Mikesky et al.59 1 1 0 1 0 0 1 0 0 1 1 5
Peloquin et al.60 1 1 0 1 0 0 1 1 0 1 1 6
Quilty et al.61 1 1 1 1 0 0 1 1 1 1 1 8
Rogind et al.62 1 1 0 1 0 0 1 1 1 1 1 7
Salli et al.63 0 1 1 0 0 0 1 1 0 1 1 6
Sayers et al.64 0 1 1 1 0 0 1 0 1 1 1 7
Schilke et al.65 0 1 0 0 0 0 0 1 0 1 1 4
Sekir et al.66 1 1 0 1 0 0 0 1 1 1 1 6
Song et al.67 1 1 1 1 0 0 0 0 0 1 1 5
Veenhof et al.68 1 1 0 1 0 0 1 1 1 1 1 7
Wang et al.69 1 1 0 1 0 0 0 1 1 1 1 6
Weng et al.70 0 1 1 1 0 0 0 0 1 1 1 6
1 e eligibility criteria speciﬁed, 2 e random allocation, 3 e concealed allocation, 4 e
groups similar at baseline, 5 e subject blinding, 6 e therapist blinding, 7 e assessor
blinding, 8 e less than 15% dropouts, 9 e intention-to-treat analysis, 10 e between-
group statistical comparisons, 11 e point measures and variability data.
* Items 2e11.
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differences in knee strength or CSA outcomes and only one58
(involving 71 participants) resulted in a medium effect in
favour of one of the high-intensity resistance when compared
to the other high-intensity resistance exercise for knee ﬂexion
strength at ST follow-up. Two studies38,47 where effect sizes
could not be calculated reported no differences when
comparing two different exercise programs.
2. Outcomes for hip OA population
There were no comparisons of hip strength outcomes
involving control groups. A single study with a ST follow-up
(involving 23 participants) produced a medium effect for hip
abduction strength (SMD ¼ 0.67, 95% CI 0.08, 1.26) in favour of a
multimodal group when compared to low-intensity resistance
exercises, but no signiﬁcant effect for hip extension or internal
rotation strength43.
3. Outcomes for a combination of hip and knee OA
Meta-analysis comparing hydrotherapy with a control group
foundmoderate quality of evidence for a small effect in favour ofhydrotherapy for hip abduction strength and a medium effect
for knee extension strength at ST follow-up (two studies, 109
participants, Fig. 5). For the single study comparing hydrother-
apy and a control group, a medium effect size was found for
knee ﬂexion strength at ST follow-up in favour of the hydro-
therapy group although no signiﬁcant effect for hip ﬂexion,
adduction or extension strength was identiﬁed69 (Table II). A
study comparing hydrotherapy, high-intensity resistance exer-
cise and controls reported no differences in knee extension
strength between the exercise groups but therewas a signiﬁcant
beneﬁt for both exercise programs when compared to the con-
trol group39. In a single study, a multimodal exercise program
showed no beneﬁt compared to control group for knee exten-
sion strength at ST or LT follow-up68 (Table II).DiscussionThe studies included in this review varied widely in terms
of population, comparison groups, intervention types and inter-
vention durations. There was high quality of evidence for improved
knee extension and ﬂexion strength with low-intensity resistance
programs when compared to a control at ST follow-up. There was
moderate quality of evidence for large effect sizes for high-intensity
resistance programs vs control at ST follow-up. Few programs re-
ported beneﬁts over control programs at IT or LT follow-up and
there were few differences reported in outcome measures when
comparing two alternate exercise programs. Only one study
included muscle outcomes for a hip OA population and this study
failed to identify a difference between two exercise programs for
most of the hip muscle strength outcomes.
The overall methodological quality of the included studies was
considered moderate71 with an average score of 6.1; 14 studies
scored 5 or less and one study only scored 3 on the PEDro scale.
While it is desirable to blind therapists and patients this is almost
impossible to achieve in an exercise based intervention24,71 and
therefore a quality score of 8 would be indicative of a high quality
study. More than half (21 studies) did not conceal allocation which
can have implications for overestimating effect sizes72. Failure to
blind the outcome assessor could result in biased ﬁndings73 and
almost half of the included studies (19) in this review failed to score
on this criterion which may be an important criterion for strength
measures. Studies that follow the intention to treat principle and
have decreased numbers that are lost to follow-up are more likely
to provide unbiased results of treatment effects74. Nineteen studies
in this review did not have a complete follow-up or use an intention
to treat analysis and this may have also inﬂated effect sizes.
The overall quality of the body of evidence (GRADE ratings)
ranged from low to high. Downgrading the quality of evidence was
a result of inadequate sample sizes (eight outcomes), inconsistency
due to large levels of heterogeneity across the included studies (two
outcomes) and also weakness seen in the risk of bias domain (two
outcomes). The weakness seen in the risk of bias domain reﬂects
issues associated with the methodological quality of the included
studies.
The results of the meta-analysis for knee extension strength in
knee OA groups demonstrated that high-intensity resistance exer-
cise resulted in larger strength beneﬁts and this was also main-
tained at IT follow-up when compared to low-intensity exercise
over controls although the quality of evidence was downgraded
due to increased risk of bias and imprecision in the included
studies. Exercise of sufﬁcient intensity will create the impetus for
muscle activation, initially resulting in strength changes through
neural adaptation21,75 and hypertrophy and this may explain
Study or Subgroup
1.1.1 Knee extension strength - ST
Bennell (2005a)
An (2008)
McKay (2012)
Weng (2009)
Bennell (2010)
Fransen (2001)
Da-Hon (2007)
Mei-Hwa (2008- Low int.)
Da-Hon (2009)
Schilke (1996)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 13.06, df = 9 (P = 0.16); I² = 31%
Test for overall effect: Z = 5.08 (P < 0.00001)
1.1.2 Knee extension strength - IT
Bennell (2005a)
Quilty (2003)
Baker (2001)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.02, df = 2 (P = 0.60); I² = 0%
Test for overall effect: Z = 0.65 (P = 0.51)
1.1.3 Knee extension strength - LT
Quilty (2003)
Weng (2009)
Subtotal (95% CI)
Heterogeneity: Tau² = 2.18; Chi² = 41.84, df = 1 (P < 0.00001); I² = 98%
Test for overall effect: Z = 0.99 (P = 0.32)
1.1.4 Knee flexion strength - ST
Fransen (2001)
Schilke (1996)
Da-Hon (2009)
Weng (2009)
Da-Hon (2007)
Mei-Hwa (2008- Low int.)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.45, df = 5 (P = 0.63); I² = 0%
Test for overall effect: Z = 8.01 (P < 0.00001)
Mean
4.2
39.2
1.03
51.1
1.6
10.8
85.5
86.7
89
67.4
4.2
82.9
19.6
73
54.3
8.4
44.7
56
57.1
60.9
61.7
SD
1.5
11.4
0.57
7.6
0.4
29.76
24.8
24.2
11
28.58
1.71
37.2
14.21
37.4
3.4
19.92
19.6
19
6.4
20.4
20.1
Total
73
11
10
62
39
83
52
34
36
10
410
73
40
19
132
40
56
96
83
10
36
62
52
34
277
Mean
4.1
36.2
0.81
47.7
1.4
-2.4
71.7
72.7
72
36.3
4.2
79.4
15.5
73.2
44.3
-0.6
32.9
41
51.6
40.8
42.5
SD
1.63
15.8
0.52
8.4
0.5
22.2
29
22.3
20
27.78
1.63
42.6
5.6
44.3
5.8
17.38
18.05
21
7.3
23.1
20.8
Total
67
10
12
66
37
43
52
30
36
10
363
67
43
19
129
43
52
95
43
10
36
66
52
30
237
Weight
16.0%
4.0%
4.1%
15.1%
10.9%
14.0%
13.3%
9.5%
9.7%
3.3%
100.0%
53.8%
31.9%
14.3%
100.0%
50.1%
49.9%
100.0%
23.7%
4.1%
14.4%
25.4%
20.1%
12.3%
100.0%
IV, Random, 95% CI
0.06 [-0.27, 0.40]
0.21 [-0.65, 1.07]
0.39 [-0.46, 1.24]
0.42 [0.07, 0.77]
0.44 [-0.02, 0.89]
0.48 [0.11, 0.85]
0.51 [0.12, 0.90]
0.59 [0.09, 1.10]
1.04 [0.55, 1.54]
1.06 [0.11, 2.01]
0.47 [0.29, 0.66]
0.00 [-0.33, 0.33]
0.09 [-0.34, 0.52]
0.37 [-0.27, 1.01]
0.08 [-0.16, 0.32]
-0.00 [-0.44, 0.43]
2.11 [1.63, 2.58]
1.05 [-1.02, 3.12]
0.47 [0.10, 0.84]
0.60 [-0.30, 1.50]
0.74 [0.26, 1.22]
0.79 [0.43, 1.16]
0.92 [0.51, 1.32]
0.93 [0.41, 1.45]
0.74 [0.56, 0.92]
Low-intensity resistance Control Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI
-2 -1 0 1 2
Favours control Favours low-intensity
Fig. 2. Knee muscle strength outcomes for knee OA patients: low-intensity resistance vs control groups at ST and IT follow-up.
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tance programs.
There were a small number of programs that did not produce
signiﬁcant beneﬁts for strength outcomes over controls and this
might be the result of the low-intensity of these exercise programs
or insufﬁcient statistical power to detect an effect. Low-intensity
resistance programs may not elicit adequate muscle activity to
promote neuromotor adaptation and hypertrophy, which ulti-
mately limits any gains in muscle strength76. In the current review,
the only studies that did not produce signiﬁcant strength beneﬁts
when compared to a control included exercise programs such as
hydrotherapy53 which is described to be a low-intensity exercise
and multimodal exercise66. It is likely that the null ﬁndings in the
latter study was a result of insufﬁcient statistical power since thestudy by Sekir et al.66 only compared 22 participants across two
groups.
This review failed to identify differences in muscle strength
gains when comparing two exercise programs. Similar results for
functional outcomes were reported in a systematic review by
Roddy et al.77 when comparing aerobic exercise with strengthening
exercises in people with knee OA. In contrast, the review by Latham
et al.17 identiﬁed improvements in knee extension strength in
favour of resistance exercise when compared to alternative in-
terventions. However as identiﬁed previously, the dilution of the
“alternative intervention” group with control group data could
have lead to the conﬂicting results in this review.
The differences identiﬁed in knee extension strength out-
comes between low-intensity resistance exercise and control
Study or Subgroup
2.1.1 Knee extension strength - ST
Mei-Hwa (2009)
Mei-Hwa (2008- High int.)
Gur (2002)
Salli (2010)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.91, df = 3 (P = 0.59); I² = 0%
Test for overall effect: Z = 5.10 (P < 0.00001)
2.1.2 Knee extension strength - IT
Foroughi (2011b)
Foroughi (2011a)
Salli (2010)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.90, df = 2 (P = 0.64); I² = 0%
Test for overall effect: Z = 4.36 (P < 0.0001)
2.1.3 Knee flexion strength - ST
Mei-Hwa (2009)
Mei-Hwa (2008- High int.)
Gur (2002)
Salli (2010)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.11; Chi² = 6.33, df = 3 (P = 0.10); I² = 53%
Test for overall effect: Z = 3.69 (P = 0.0002)
2.1.4 Knee flexion strength - IT
Foroughi (2011a)
Salli (2010)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.18; Chi² = 2.76, df = 1 (P = 0.10); I² = 64%
Test for overall effect: Z = 2.65 (P = 0.008)
Test for subgroup differences: Chi² = 0.38, df = 3 (P = 0.95), I² = 0%
Mean
89.1
88.1
8
61.89
60.2
57.4
59.94
51.2
57.4
24
31.43
110.6
31.08
SD
27.1
21.6
14
13.76
34.9
25.8
12.82
19.8
18.9
29
7.98
24.1
8.21
Total
35
34
8
23
100
18
20
23
61
35
34
8
23
100
20
23
43
Mean
73.6
72.7
-0.8
47.13
44.2
40.3
46.95
41.6
42.5
3
20.98
93.5
21.72
SD
24
22.3
0.12
11.75
16.4
16.9
12.37
18.1
20.8
20
5.21
29.1
4.91
Total
35
30
6
24
95
19
25
24
68
35
30
6
24
95
25
24
49
Weight
37.3%
33.4%
7.0%
22.3%
100.0%
30.1%
34.9%
35.1%
100.0%
32.2%
30.7%
12.6%
24.5%
100.0%
51.1%
48.9%
100.0%
IV, Random, 95% CI
0.60 [0.12, 1.08]
0.69 [0.19, 1.20]
0.77 [-0.34, 1.88]
1.14 [0.52, 1.76]
0.76 [0.47, 1.06]
0.58 [-0.08, 1.24]
0.79 [0.18, 1.40]
1.01 [0.40, 1.63]
0.80 [0.44, 1.17]
0.50 [0.02, 0.98]
0.74 [0.23, 1.25]
0.77 [-0.34, 1.88]
1.53 [0.87, 2.19]
0.86 [0.40, 1.32]
0.62 [0.02, 1.23]
1.37 [0.73, 2.01]
0.99 [0.26, 1.72]
High-intensity resistance Control Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI
-2 -1 0 1 2
Favours control Favours high-intensity
Fig. 3. Knee muscle strength outcomes for knee OA patients: high-intensity resistance vs control groups at ST and IT follow-up.
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follow-up. The failure to maintain strength beneﬁts at longer
follow-up durations could be most likely attributed to dimin-
ishing adherence to exercise in the intervention group78.Study or Subgroup
4.1.1 Knee extension strength - ST
Peloquin (1999)
Krasilshchikov (2011)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.95; Chi² = 5.34, df = 1 (P = 0.02); I² = 81%
Test for overall effect: Z = 1.38 (P = 0.17)
Mean
104.88
59.4
SD
47.04
15.1
Total
59
8
67
Mean
88.08
35.67
SD
37.34
6.7
Total
65
8
73
Weig
58.0
42.0
100.
Multimodal Control
Fig. 4. Knee extension strength outcome for knee OA patientsAdherence to an intervention program over the LT is essential to
bring about beneﬁts in outcomes79. There are many factors that
can inﬂuence adherence to an exercise program over time,
including pain and stiffness in the affected joint, the perceivedht
%
%
0%
IV, Random, 95% CI
0.40 [0.04, 0.75]
1.92 [0.68, 3.16]
1.04 [-0.44, 2.51]
Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI
-2 -1 0 1 2
Favours control Favours multimodal
: multimodal exercise vs control groups at ST follow-up.
Study or Subgroup
3.7.1 Hip abduction strength - ST
Hinman (2007)
Wang (2007)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.46, df = 1 (P = 0.50); I² = 0%
Test for overall effect: Z = 2.10 (P = 0.04)
3.7.2 Knee extension strength - ST
Hinman (2007)
Wang (2007)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.40, df = 1 (P = 0.53); I² = 0%
Test for overall effect: Z = 2.82 (P = 0.005)
Mean
22.7
12.6
29.9
16
SD
8.3
2.7
12.5
4.5
Total
36
20
56
36
20
56
Mean
20.3
11
24.7
12.9
SD
6.8
2.6
9.5
3.8
Total
35
18
53
35
18
53
Weight
66.0%
34.0%
100.0%
66.2%
33.8%
100.0%
IV, Random, 95% CI
0.31 [-0.16, 0.78]
0.59 [-0.06, 1.24]
0.41 [0.03, 0.79]
0.46 [-0.01, 0.93]
0.73 [0.07, 1.39]
0.55 [0.17, 0.94]
Hydrotherapy Control Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI
-2 -1 0 1 2
Favours control Favours hydrotherapy
Fig. 5. Hip and knee muscle strength outcomes for hip and knee OA patients: hydrotherapy vs control groups at ST follow-up.
A. Zacharias et al. / Osteoarthritis and Cartilage 22 (2014) 1752e17731766effectiveness of the intervention program and participant moti-
vation to complete the intervention program over the long
term80. The diminishing effect of exercise therapy over time as a
result of poor adherence has been previously described in a
systematic review of patients with hip/knee OA and it has been
suggested that additional booster sessions may help to maintain
LT effectiveness of an exercise program81. Very few of the
included studies reported on LT follow-up durations.
While high-intensity resistance programs seemed to result in
greater effect sizes than low-intensity resistance when compared
to a control, there were no apparent differences in strength out-
comes in the two studies that compared the two levels of resis-
tance programs57,64. The data from these two studies could not be
pooled since they reported on different outcome measures (knee
strength57 and combined limb strength64). Both studies had a
quality score of 7, with one failing to conceal allocation57 and the
other failing to blind the outcome assessor64. While these failings
create a potential for bias of the results, these two studies do not
support high- intensity exercise over low intensity. Of note, is that
strength outcome measures were taken only at ST review in both
studies and thus might have missed the greater beneﬁts achieved
by high- intensity exercise over the longer term. A previous meta-
analysis has shown that high-intensity resistance exercise pro-
duces greater strength beneﬁts although the level of intensity
required may vary between trained (80% 1RM) and untrained in-
dividuals (60% 1RM)82. Based on the ﬁndings of the current re-
view, further high quality studies of low vs high-intensity exercise
are warranted.
For hip muscle strength outcomes in a knee OA population,
low-intensity resistance exercises resulted in some strength
beneﬁts at ST follow-up33 and high-intensity resistance programs
elicited greater effect sizes40 for all hip muscle strength out-
comes at longer term follow-up durations when compared to a
control.
There was only one article that reported on strength outcome in
a hip OA population. The hip OA population is an under-reported
patient group79,83, particularly in relation to strength outcomes84.
Only one43 of the six included articles in a review by McNair et al.
reported on strength outcomes. The same study43 was also
included in the current review comparing a multimodal (home
exercises with hydrotherapy) with a low-intensity resistance group
(home exercises only) in a population with hip OA, and had amethodological quality score of 6 which was not different to the
average score of all included studies. The study reported that a
combination of hydrotherapy and home exercise resulted in some
strength beneﬁts, as long as there was compliance to the inter-
vention program. Additional studies reporting on intervention
programs in hip OA patients are required to evaluate the strength
beneﬁts for this population.
The limitations of this review were that the severity of OA was
not quantiﬁed and the strength outcomes were not compared to
the functional outcomes of the participants involved in the
studies. Musculoskeletal change is an important determinant in
levels of disability in a population with knee OA. Muscle weakness
is associated with changes in gait and decreased performance in
everyday functional activities9. While functional status is the most
important outcome for patients, the relationship between pro-
grams designed to increase muscle strength and the functional
outcomes requires further investigation to help reﬁne targeted
intervention programs.
The strengths of the review are that data were analysed
considering different population groups (e.g., knee and hip OA),
combined groups (e.g., hip and knee OA) and also different types of
exercise programs, outcome measures (strength and CSA) and
follow-up durations. Data were analysed by comparing either an
intervention group to a control or by comparing two intervention
groups and the strength outcomes were analysed separately for
each intervention contrast, thus highlighting the beneﬁts of most
exercise interventions over control groups in contrast to compari-
sons of two exercise interventions.
Conclusion
While most exercise interventions at ST follow-up are beneﬁ-
cial for knee strength outcomes in knee OA patients in comparison
to a control program, high-intensity resistance exercise showed
low to moderate levels of quality of evidence for greater and more
sustained beneﬁts. Further investigations are warranted to explore
the potential beneﬁts of high-intensity resistance exercise over
other programs. There is a dearth of studies comparing different
types of exercise interventions over longer term follow-up dura-
tions. More research is needed to conﬁrm whether exercise in-
terventions are beneﬁcial for hip muscles and in a hip OA
population.
Rehabilitation program Criteria
1. Aerobic exercise Sustained (>10 min) large body activities aimed
at increasing heart rate and oxygen uptake. This
category excludes water-based activities
(e.g., swimming).
2. Water-based exercise Characterised by purposeful activity that is
undertaken in a water environment. Examples
include hydrotherapy, swim training
(any stroke)etc.
3. Low-intensity
resistance training
Characterised by resistance training techniques
including body weight exercise, weigh training,
elastic devices, etc. Loweintensity relates to the
majority of the conditioning phase being
undertaken with: (primary decision) an applied
resistance that is less than 70% 1RM or
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Appendix IV. SoF table for high-intensity resistance vs control e knee OA
SOF table for high-intensity resistance vs control e knee OAz
Patient or population: Patients with knee OA
Intervention: High-intensity resistance exercise
Comparison: Control
Outcomes Effect size: SMD (95% CI) No of participants
(studies)
Quality of the
evidence (GRADE)
Comments
With high-intensity
resistance exercise
Knee extension strength e ST
Follow-up: 6e12 weeks
SMD 0.76 (0.47e1.06) 195 (four studies) 444. Moderate* Effect size: This may represent a medium effect
Knee extension strength e IT
Follow-up: 12e24 weeks
SMD 0.80 (0.44e1.17) 129 (three studies) 44.. Low*,y Effect size: This may represent a large effect
Knee ﬂexion strength e ST
Follow-up: 6e12 weeks
SMD 0.86 (0.4e1.32) 195 (four studies) 444. Moderate* Effect size: This may represent a large effect
Knee ﬂexion strength e IT
Follow-up: 12e24 weeks
SMD 0.99 (0.26e1.72) 92 (two studies) 44.. Low*,y Effect size: This may represent a large effect
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our conﬁdence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our conﬁdence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our conﬁdence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
A single study reported no signiﬁcant beneﬁts for CSA in knee extensors/ﬂexors at ST follow-up.
* Downgraded for imprecision (inadequate sample size).
y Downgraded for increased risk of bias.
z Four studies where effect sizes could not be calculated reported a beneﬁt in knee muscle strength favouring high-intensity resistance exercise at ST follow-up. A single
study reported large effect sizes at IT follow-up for hip abduction SMD 0.81 (0.19e1.42) and adduction SMD 0.96 (0.34e1.59). Single studies reported a moderate effect at IT
follow-up SMD 0.78 (0.16e1.39) and a large effect at ST follow-up SMD 3.79 (2.33e5.24) for combined lower limb strength.
Appendix III. Summary of Findings (SoF) table for low-intensity resistance vs control e Knee OA
SOF table for low-intensity resistance vs control e knee OAz
Patient or population: Patients with knee OA
Intervention: Low-intensity resistance exercise
Comparison: Control
Outcomes Effect size: SMD (95% CI) No of participants
(studies)
Quality of the
evidence (GRADE)
Comments
With low-intensity
resistance exercise
Knee extension strength e ST
Follow-up: 6 e 12 weeks
SMD 0.47 (0.29e0.66) 773 (10 studies) 4444 High Effect size: This represents a small effect
Knee extension strength e IT
Follow-up: 12 e 24 weeks
SMD 0.08 (0.16e0.32) 261 (three studies) 444. Moderate* Effect size: This may represent no signiﬁcant effect
Knee extension strength e LT
Follow-up: >24 weeks
SMD 1.05 (1.02e3.12) 191 (two studies) 4... Very low*,y Effect size: This may represent no signiﬁcant effect
Knee ﬂexion strength e ST
Follow-up: 6e12 weeks
SMD 0.74 (0.56e0.92) 514 (six studies) 4444 High Effect size: This represents a medium effect
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our conﬁdence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our conﬁdence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our conﬁdence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
* Downgraded for imprecision (inadequate sample size).
y Downgraded for inconsistency (results were inconsistent across studies: I2 ¼ 98%, statistical test for heterogeneity P < 0.05).
z A single study showed a large effect size SMD 1.22 (0.80e1.63) for knee ﬂexor strength at LT follow-up. Two studies where effect sizes could not be calculated reported a
beneﬁt in knee strength outcomes favouring low-intensity exercise at ST follow-up. A single study reported small effect sizes at ST follow-up for hip ﬂexion SMD 0.49
(0.04e0.95) and internal rotation SMD 0.49 (0.04e0.95).
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Appendix VI. SoF table for hydrotherapy vs control e hip and knee OA
Hydrotherapy vs control e hip and knee OA
Patient or population: Patients with hip and knee OA
Intervention: Hydrotherapy
Comparison: Control
Outcomes Effect size: SMD (95% CI) No of participants
(studies)
Quality of the evidence
(GRADE)
Comments
With hydrotherapy
Hip abduction strength e ST
Follow-up: 6e12 weeks
SMD 0.68 (0.51e0.85) 109 (two studies) 444. Moderate* Effect size: This may represent a medium effect
Knee extension strength e ST
Follow-up: 6e12 weeks
SMD 0.55 (0.37e0.73) 109 (two studies) 444. Moderate* Effect size: This may represent a medium effect
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our conﬁdence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our conﬁdence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our conﬁdence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
* Downgraded for imprecision (inadequate sample size).
Appendix V. SoF table for multimodal exercise vs control e knee OA
SOF table for multimodal exercise vs control e knee OAz
Patient or population: Patients with knee OA
Intervention: Multimodal exercise
Comparison: Control
Outcomes Effect size: SMD (95% CI) No of participants
(studies)
Quality of the evidence
(GRADE)
Comments
With multimodal exercise
Knee extension strength e ST
Follow-up: 6e12 weeks
SMD 1.04 (0.44e2.51). 140 (two studies) 4... Very low*,y Effect size: This may represent no signiﬁcant effect
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our conﬁdence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our conﬁdence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our conﬁdence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
* Downgraded for imprecision (inadequate sample size).
y Downgraded for inconsistency (results were inconsistent across studies: I2 ¼ 81%, statistical test for heterogeneity P < 0.05).
z Four studies where effect sizes could not be calculated, two reported a beneﬁt favouringmultimodal or an aerobic exercise while two reported no beneﬁts favouring eithe
a multimodal or hydrotherapy group for knee strength outcomes.
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